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SUMMARY

On November 2, 2001, a 62-year-old male

volunteer fire fighter collapsed at the scene of a
vehiclefireashewasbringing atool to the Chief.
Despiteimmediate cardiopulmonary resuscitation at
the scene and subsequent advanced life support in
the ambulance and at the hospital emergency

department, thefirefighter died. Theautopsy showed
“severe coronary atherosclerosis,” and the

pathologist attributed death to “acute coronary
thrombosiswith ischemic arrhythmia.” Thedeath
certificate, completed by adeputy county medical
examiner, listed “cardiac arrhythmia’ as the
immediate cause of death and “CAD” (coronary
artery disease) astheunderlying cause.

The following recommendations address some

generd hedthand safety issuesidentified during this
investigation. Thislist includes some preventive
measures that have been recommended by other
agencies to reduce the risk of on-the-job heart

attacksand sudden cardiac arrest among firefighters.
These selected recommendations have not been
evaluated by NIOSH, but they represent published
research or consensusvotesof technical committees
of theNational FireProtectionAssociation (NFPA)
or fireservicelabor/management groups.

* Institutepreplacement and periodic medical
evaluations. These should incorporate
exercise stresstesting, depending on thefire
fighter’sageand coronary artery diseaserisk
factors.

* Firefightersshould beclearedfor duty and
for respirator use by a physician
knowl edgeabl e about the physical demands
of fire fighting, the personal protective
equipment used by fire fighters, and the
various components of NFPA 1582, the

National Fire Protection Association’s
Sandard on Medical Requirementsfor Fire
Fighters and Information for Fire
Department Physicians.

* Phase in a mandatory wellness/fitness
program for fire fighters to reduce risk
factors for cardiovascular disease and
improve cardiovascular capacity.

e Consider including an automatic external
defibrillator aspart of thebasiclife support
equipment for fire department vehicles.

INTRODUCTION & METHODS

On November 2, 2001, a 62-year-old male fire
fighter died after collapsing at the sceneof avehicle
fire. OnNovember 6, 2001, the United StatesFire
Administration notified NIOSH of the death. On
December 3, 2001, NIOSH contacted the affected
FireDepartment toinitiatetheinvestigation. OnApril
18, 2002, aNIOSH contract physiciantraveled to
Wisconsinto conduct an on-gteinvestigation of the
incident.

The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program isto determinefactorsthat cause or contributeto
firefighter deaths suffered intheline of duty. Identification of
causal and contributing factors enable researchers and safety
specialiststo devel op strategiesfor preventing future similar
incidents. The program does not seek to determine fault or
place blame on firedepartmentsor individual firefighters. To
request additional copies of this report (specify the case
number shownintheshield above), other fatality investigation
reports, or further information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-N1OSH
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Peopleinterviewed included the

* FreChief

*  Crew memberson duty with the deceasedfire
fighter

* Deceasedfirefighter’ sspouse

» Deceasedfirefighter’sprimary carephysician

Documentsreviewed included the

*  FireDepartment operating guiddines

» Deceasedfirefighter’straining records

»  Deceasedfirefighter’smedical records
*  Ambulanceresponsereports

» Hospita emergency department records
* FireDepartment incident reports

* Dedathcetificate

* Autopsy report

INVESTIGATIVERESULTS

Incident. On November 2, 2001, the affected fire
fighter responded to avehiclefirecall received at
1403 hours. Hereported to thefire station and, with
another firefighter asapassenger, drovethe*brush
truck” (agenera utility truck) tothescene, arriving
at about 1420 hours. An on-duty sheriff’sdeputy
(whoisasoafirefighter with the Department) had
already cometo the scenein hispatrol car. Another
firefighter had also already arrived, having been
instructed by the Chief to go the sceneinthetown
road mai ntenance vehicle hewasdriving aspart of
hisregular job. The Chief had instructed thefire
fightersnot to attempt tofight thefireuntil theengine
arrived; the Chief and another firefighter arrivedin
theengineacoupleof minutesafter thebrush truck.
Twofirefighters(notindudingtheaffectedfirefighter)
beganfiresuppressonactivities TheChief, intending
to approach the burning vehicle, began putting on
his self-contained breathing apparatus (SCBA) and
designated the affected fire fighter Incident

Commander. At about 1430 hours, the affected fire
fighter got aHaligan bar from arear compartmentin
the engine. As he walked toward the front of the

engine(wherethe Chief was), hefdl forward, driking
hisface on theground, and then didn’t move. He
neither said anything before hefd| nor indicated any
distress. TheChief rolled him over, saw that hewas
not breathing, and summoned oneof thefirefightersat
the burning vehicle. Thisfire fighter, who was an
emergency medica technician (EMT), found the
collgpsedfirefighter pulsdessand cyanatic (blue), with
fixed, dilated pupils Withthe Chief asssting, hestarted
cardiopulmonary resuscitation (CPR); thisoccurred
withinaminuteof theaffectedfirefighter’scollgpse.

Anambulance and advanced life support (ALS)

backup were called after thefirefighter collapsed;
theambulance (whichroutingly respondsto structura

firesbut not vehiclefires) arrived at about 1445 hours.
Anautomatic externd defibrillator (AED) adviseda
shock, whichwasadministered. No pulseresulted,
and the AED did not advise a second shock. An
esophaged tracheal combitubewasplaced, oxygen
was administered, and CPR was continued. The
ambulance, staffed by basic-level EM Ts(including
thefirefighter who started CPR), departed thescene
at 1552 hoursand wasintercepted by theAL Steam
(intermediate-level EMTs) aminute or two later. A
defibrillation shock wasadministered, aswasanother
10 minutes|ater; neither restored aheartbeat. An
attempt to establish intravenous access was

unsuccessful. Theambulancearrived at the hospital

at 1510 hours. Andectrocardiogram (ECG) showed
no heartbest (asystole). CPR continued, intravenous
epinephrineand atropinewereadministered (without
effect), and the combitube was replaced with an
endotrached tube. Becauseasmd| basdinevariation
inlead 11 of the ECG might have represented fine
ventricular fibrillation, ancother defibrill ation shock was
administered; it produced no heartbeat. Further

attemptsat resuscitation were consdered futile, and
thefirefighter was pronounced dead at 1528 hours.

Theaffected firefighter had stayedinthevicinity of
the brush truck and engine (motor running), which
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were parked about 100 feet upwind fromthefire,
where hereportedly had no smoke exposure. He
woreaturnout coat, helmet, safety shoes, and legther
gloves, but not turnout pantsor boots. Histasksdid
not require a respirator. The temperature was

redively mild, and hedid not engageinany physicaly
strenuoustasks. Ontheday of thefire, heattended
to town and church business matters and visited
family members. He neither mentioned any

symptomsnor showed any sign of distressduring
thistime, at thefire station, ontheway tothefire,
or at thefire scene. Thiswashisfirstfirecal ina
month.

Medical Findings. Final anatomic diagnoseslisted
inthereport of the autopsy, which was performed
by apathologist at ahospital inanearby city, were
» Severethree-vessd coronary atherosclerosis.

* Multiple90-98% stenossof LAD [left anterior
descending] and left circumflex [coronary
arteries].

 Acutethrombosis, left circumflex artery.

* Interstitial and perivascular fibrosis,
myocardium.

e Cardiomegaly due to left ventricular

hypertrophy.”

Thepathologit interpreted thesefindingsas*® severe
coronary atherosclerosis with multiple critical
stenoses’ and concluded that thefirefighter had “a
sudden cardiac death, due to acute coronary
thrombosiswith ischemic arrhythmia.” Thedeath
certificate, completed by adeputy medicd examiner,
listed“[cardiac arrhythmig)” astheimmediate cause
of deathand “CAD” (coronary artery disease) as
theunderlying cause. A blood specimen obtained at
autopsy contained “<1%" COHb. (With 45 minutes
of pre-mortem oxygen administration, and aCOHb
half-life of 80 minutesat 100% oxygen,* thefire
fighter’sCOHblevel when he collagpsed would have
beenlessthan 2%, whichisnotindicativeof medicaly
ggnificant CO exposure.)

The deceased firefighter had worked for thelocal
telephone company, thelast 10 yearsasalineman.
He retired in February 2001. He never smoked
cigarettesand in recent yearswas not exposed to
cigarettesmokeat home. Hisfather had aheart attack
at age59 and afatal heart attack at age 63. A sister
had angioplasty at age 58. He had long-standing
hypertension (high blood pressure), and low HDL -
cholesterol wasdiagnosed ayear before hisdeath.
In September 2000, thefirefighter wasevaluated
for chest pain; cardiac catheterization documented
CAD, and he underwent coronary angioplasty. An
electrocardiogram (ECG) aday after hisangioplasty
in September 2000 wasnormal. An exercise stress
test (EST) in January 2001 terminated after 12%2
minutes because of fatigue, showed no ECG
abnormdities anddicitednoangina Anexertionleve
of 13 metabolic equivdents(MET) and aheart rate
of 115 bests per minute (72% of maxima predicted)
were achieved. Theseresultswereinterpreted as
negativefor ischemiabut with reduced sensitivity
because of the sub-optimal heart rate response. A
concurrent myocardial perfusion scan with gated
single photon emission computerized tomography
(SPECT) showed improvement over the pre-
angioplagty scan, withasmdler areacf inferior |atera
wall ischemia; thegectionfractionandwal motion
werenormd.

After hisangioplasty, theaffected firefighter walked
2milesevery day; ininclement weather heused a
treadmill or exercisebicycleat home. Hedid house
and yard work and trimmed trees at his Christmas
treefarm, most recently the day before hisdeath.
Since his angioplasty, he tired more easily. His
cardiologigt attributed thisto blood pressuremedicine
(abeta-blocker) and in July 2001 discontinued the
drug. Although the fire fighter never reported

symptomsof CAD to hisfamily or colleagues, he
didtdl hisprimary physcianand hiscardiologist that
hehad chest discomfort with exertion. At thetime of
hisdegth, hisprescribed medicationsincluded niacin
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for hischolesterol, anitrateand aspirinfor hisCAD,
and nitroglycerinwhen needed for angina(heart pain).

Athislast viditto hisphysician, in October 2001, his
blood pressurewas 142/78 mm Hg. Hisweight at
that timewas 167 pounds. Withaheight of 70inches,
hisbody massindex (BMI) was 24 kg/m, indicating
that hewasnot overweight.?

DESCRIPTION OF THE FIRE
DEPARTMENT

Atthetimeof thedtevist, the Fire Department had
23 volunteer firefighters; afull roster is31. The
Department servesan unincorporated rural areaof
90 square mileswith apopulation of 18,000. There
isonefiregation. In2001, the Department responded
to 31 calls. A county-owned ambulance, housed at
thefire station, is operated by the hospital in the
county seat and staffed by community volunteers.
TheFreDepatmentisnot repongblefor responding
to medical cals, but it provides assistanceto the
emergency medicd serviceif needed.

Training. FreFighter | training (but not certification)
iscurrently required beforeanew firefighter can
engageinfirefighting, but thisperson can engagein
support activitiesbeforethetraining iscompl eted.
Thedeceased firefighter had been avolunteer fire
fighter sincethe department wasfounded in 1966.
He had completed Fire Fighter | (and some 11)
training and had additiond training or experience(if
not forma certification) infireinvestigation, incident
command, wildlandfirefighting, apparatusdriving
and operation, first aid, CPR, and search and rescue.

Medical Evaluations. The Department has no
preplacement or periodic medical evaluationsor
physicd agility tests. Medicd dearanceisnot required
for respirator use or for returning to duty after an
injury or illness. Memberswho areunableto perform
afull range of dutiesdueto health problemsor age,

however, areaccommodated by limiting their tasks
to thosethey areableto do. The department hasno
health promotion programs or exercise/fitness

equipment.

DISCUSSION

In the United States, coronary artery disease
(atherosclerosis) isthemost common risk factor for
cardiac arrest and sudden cardiac death.® Risk factors
for itsdevelopment includeincreasing age, male
gender, heredity, tobacco smoke, high blood
cholesterol, highblood pressure, physical inactivity,
obesity/overweight, and diabetes* In additionto age
and gender, the deceased firefighter had three of
theserisk factors(family history, highblood pressure,
andacholesterol abnormdlity).

The narrowing of the coronary arteries by

atherosclerotic plagues occurs over many years,
typically decades.® However, the growth of these
plagues probably occursin anonlinear, often abrupt
fashion.® Heart attacks typically occur with the
sudden development of complete blockage

(occluson) inoneor morecoronary arteriesthat have
not developed acollatera blood supply.” Thissudden
blockageisprimarily dueto blood cots (thrombosis)
forming on top of atherosclerotic plagues. On

autopsy, the deceased fire fighter had an acute
thrombosis of acoronary artery. Sudden cardiac
degthisoftenthefirst overt manifestation of ischemic
heart disease.® The deceased firefighter had well-
documented CAD, and autopsy findings

(perivascular and interstitial fibrosis in the

myocardium [heart muscle]) were consistent with
ischemic heart disease.

Blood clots, or thrombus formation, in coronary
arteriesisinitiated by disruption of atherosclerotic
plaques. Certain characterigticsof the plaques(size,
composition of thecap and core, presenceof alocal
inflammatory process) predispose the plaque to
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disruption.” Disruption then occurs from
biomechanical and hemodynamic forces, such as
increased blood pressure, increased heart rate,
increased catecholamines, and shear forces, which
occur during heavy exercise.®©

Firefighting iswidely acknowledged to be one of
themost physicaly demanding and hazardousof al
civilian occupations.™ Firefighting activitiesare
strenuous and often requirefirefightersto work at
near maximal heart rates for long periods. The
increasein heart rate has been shown to begin with
responding to theinitial alarm and persist through
the course of fire suppression activities.*>*
Epidemiologic sudieshavefoundthat heavy physicd
exartionsometimesimmediatdy precedesandtriggers
the onset of acute heart attacks.*>*° The deceased
firefighter droveavehicletothefire scene. Once
there, he did not engage in any activity more
physicaly strenuousthan walking ashort distance
carrying ahand tool whilewearing aturnout coat
(but no other heavy gear). Hisroutinedally activities
exceededthislevel of exertion. However, theextent
towhichrespondingtothealarm and driving to the
sceneincreased hisheart rate and blood pressure,
and thushis cardiac oxygen demand, isunknown.

NFPA 1582, the National Fire Protection

Association’s Sandard on Medical Requirements
for Fire Fighters and Information for Fire

Department Physicians, consdershypertensonand
CAD tobeCategory B conditions, that is, “amedica
condition that, based onitsseverity or degree, could
precludeapersonfrom performing asamemberina
training or emergency operational environment by
presenting asignificant risk to the safety and health
of the member or others.”® The deceased fire
fighter’sblood pressurereadingsat hisphysicians

offices, including the most recent (without blood
pressuremedicine), werewithintherange considered
acceptable by NFPA 1582 (lessthan 180 mm Hg
gystalic, lessthan 100mmHgdiagtolic). NFPA 1582

specifiesfivecriteriathat put someonewith CAD at
only “mildly increased risk for sudden incapacitation”
and thus* acceptablefor firefighting.” Thesecriteria
are”normd | eft ventricular gectionfraction,” “norma
exercise tolerance, >10 metabolic equivalents
(METS),” “absenceof exercise-induced ischemiaby
exercise testing,” “absence of exercise-induced
complex ventricular arrhythmias,” and “ absence of
hemodynamically significant stenosisof all major
coronary vessels (<50 percent lumen diameter
narrowing), or successful myocardial
revascularization.” Thedeceased firefighter met the
first four criteria but not the fifth. His cardiac
catheterization showed narrowing of 50% or more
inmultiplearteries, oneof which, themost severely
affected, wasthen treated by angioplasty.

NFPA 1582 considers* anginapectoris, current” a
Category A condition, that is, “amedica condition
that would precludeaperson from performing asa
member in atraining or emergency operational

environment by presenting asignificant risk tothe
safety and health of themember or others.” Given
the deceased firefighter’s CAD status (anginawith
use of nitroglycerin, ischemia demonstrated by

myocardia perfusion scan during EST), hewould
presumably not have been medically cleared for full

firefighting dutiesif NFPA 1582 werefollowed. At
thetimeof hisdeath, however, hewasnot expected
to perform physically strenuous tasks at thefire
scene, nor was he doing so. A fitness-for-duty

medical eva uation cong stent with NFPA 1582 would
not necessarily haveexcluded himfrom suchlimited

duty.

RECOMMENDATIONS

Thefollowing recommendationsaddressheath and
safety issuesidentified during thisinvestigation. This
listincludessome preventivemeasuresthat havebeen
recommended by other agenciesto reducetherisk
of on-the-job cardiac arrest among firefighters These
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sdl ected recommendati ons have not been eval uated
by NIOSH, but they represent published research
or consensusvotes of Technical Committeesof the
National Fire Protection Association or fireservice
|abor/management groups.

Recommendation #1. Institute preplacement
and periodic medical evaluations. These
should incorporate exercise stress testing,
depending on thefirefighter’sageand coronary
artery diseaserisk factors.

The purpose of medica evauationsisto ensurethat
firefightershavetheahility to perform dutieswithout
presenting asignificant risk to the safety and health
of themselves or others. Guidance regarding the
content and scheduling of medical examinationsfor
firefighterscanbefoundin NFPA 1582.% Inaddition
to providing guidance on thefregquency and content
of the medical evaluation, NFPA 1582 provides
guidance on medical requirements for persons
performing firefighting tasks After the preplacement
evauation, NFPA 1582 recommendsalimited annua
evaluation, including amedical and occupational
history and alimited physi cal examination (height,
weight, blood pressure, heart rate and rhythm). In
addition, NFPA 1582 recommendsamoreextensve
medical evaluation at an interval of 1to 3 years,
depending on the fire fighter’s age. NFPA 1582
recommendsthat periodic exercise stresstesting
(EST) beginat age35for thosewith CAD risk factors
and at age 40 for those without CAD risk factors.
Other expert groups, however, do not recommend
EST for asymptomaticindividuaswithout risk factors
for CAD, athough they acknowledge that such
screening might be appropriate for persons in
occupationsaffecting public safety. 22

Applying NFPA 1582 involveslega and economic
issues, soit should becarried out inaconfidential,
nondiscriminatory manner. Appendix D of NFPA
1582 provides guidance for fire department

administrators regarding legal considerationsin
applying the standard. Theeconomic concernsgo
beyond the costs of administering the medical
program,; they involvethe personal and economic
costsof dealingwith themedica evauation results.
NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program,
addressestheseissuesin Chapter 8-7.1and 8-7.2.
Thesuccessaof medicd programshingeson protecting
theaffectedfirefighter. Thedepartment must (1) keep
themedica recordsconfidentid, (2) providedternate
duty positions for fire fighters in rehabilitation
programs, and (3) if thefirefighter isnot medically
qudifiedtoreturnto activefirefighting duties, provide
permanent alternate duty positions or other
supportive and/or compensated alternatives. (For
safety reasons, driving firedepartment vehiclesmay
not be an acceptabl e aternate duty job for someone
withwork-limiting CAD.) Unfortunately, the second
and third requirements may not beworkableina
volunteer department and could thusimpair both
acceptance by firefightersand thefiredepartment’s
ability torecruit and retainfirefighters. Ontheother
hand, the Fire Department described inthisreport
already providesdternativeduty, abeitinformally
andwithout medica oversight.

Applying thisrecommendation involveseconomic
repercussionsand may be particularly difficult for
amadl, rurd, volunteer firedepartmentstoimplemen.
To overcome the financial obstacle, the Fire
Department could urge current members to get
annual medical clearances from their private
physicians (but see Recommendation #2). Another
optionishaving thebrief annua medica evauations
recommended by NFPA 1582 completed by the
volunteer fire fighters themselves (medical and
occupationd higory) and by EM Tsfromthecounty’s
EMS(vita signs, height, weight, and visud acuity).
This information could then be provided to a
community physcian, perhgpsvolunteering hisor her
time, to review the data and provide medical
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clearance(or further evauation, if needed). Themore
extensive periodic medical examinationscould be
performed by aprivate physcian a thefirefighter’s
expense, provided by aphysician volunteer, or paid
for by the Fire Department. Sharing thefinancial

responsibility for these evaluations between

volunteers, theFre Department, andwilling physician
volunteersshoul d reducethe negativefinancid impact
onrecruiting and retaining needed volunteers.

Recommendation #2: Fire fighters should be
cleared for duty and for respirator use by a
physician knowledgeable about the physical
demandsof firefighting, the personal protective
equipment used by firefighters, and thevarious
components of NFPA 1582, the National Fire
Protection Association’s Standard on M edical
Requirementsfor FireFightersand I nformation
for FireDepartment Physicians.

Thedecisionregarding medical clearancefor fire
fighters requires knowledge not only of the fire
fighter’'s medical condition, but also of the fire
fighter’sjob dutiesand NFPA 1582 medical fitness
criteria. NFPA 1582 recommendsthat return-to-duty
evauations(after aninjury or iliness) bedoneby the
“fire department physician.”® Aspart of thereturn-
to-duty evaluation, thefire department physician
shouldreview relevant recordsfromthefirefighter’s
persond phys ciansand/or discusswiththemthefire
fighter'sillnessor injury.

TheOccupationa Safety and HedthAdministration
(OSHA) respiratory protection standard® requires
employers whose employees are required to use
respiratorsto have aformal respiratory protection
program, including periodic medical evaluations.
SinceWisconsin doesnot havean OSHA -approved
State plan, publicemployers, including volunteer fire
departments, are not legally subject to OSHA

standards.® Nevertheless, werecommend that the
Fire Department voluntarily adheretothehedth- and

safety-related provisions of the OSHA standard,
including periodic medica eval uations. Themedica
evauationsfor respirator usecan bedonea thesame
timeasfitness-for-duty examinations, and often they
do not involve substantial additional evaluation.
(Pulmonary functiontesting [ PFT] may beuseful for
evaluating respiratory symptoms or physical
examinationfindings, but itisotherwise not needed
routinely for arespirator clearanceevauation. NFPA
1582 does not require PFT as part of the l[imited
annual medica evauation.®

Recommendation #3. Phase in a mandatory
wellness/fitness program for fire fighters to
reduce risk factors for cardiovascular disease
and improve cardiovascular capacity.

NFPA 1500, Sandard on Fire Department

Occupational Safety and Health Program,

requiresawellness program that provides health
promotion activitiesfor preventing health problems
andenhancingoverd| well-being.® Thelnternationd
Association of Fire Fighters (IAFF) and the
Internationd Associationof FreChiefs(IAFC) joined
in a comprehensive Fire Service Joint Labor

Management WelIness/Fitness| nitiativetoimprove
firefighter quality of lifeand maintain physica and
mental capabilities of fire fighters. Ten fire

departmentsacrossthe United Statesjoined thiseffort
to pool information about their physical fitness
programs and to create a practical fire service
program. They produced a manual and a video
detailing dementsof suchaprogram.? TheWdness/
Fitness Initiative provides guidance regarding

wellness program content to include physical

examination and evaluation, fitness, and behaviora
health. Wellness programs have been shown to be
cost-effective, typicaly by reducing the number of
work-related injuriesand lost work days.?” 2 An
unpublished analysisby the Phoenix, Arizong, city
auditor found areductionin disability penson costs
following a12-year commitment to thewellness
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programat the Fire Department. Smal volunteer fire
departments should review the programsmentioned
aboveand determinewhich componentsarepractica
forthem.

Recommendation #4: Consider including an
automatic external defibrillator as part of the
basiclife support equipment for fire department
vehicles.

Althoughthe Fire Department doesnot havemedica
first responder respongbilities, firefightersmay find
themsdlvesin the position of havingto provide CPR.
Thetimely useof anautomatic externd defibrillator,
even by minimally trained first responders, can
increasethelikeihood of survivd following cardiac
arrest_ZQ, 30
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